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PRQCESS FOR THE PREPARATION OF AN METAL-ORGANIC CQl\/fPQUMn 
6 COMPRISING AT LEAST ONE IM^MF i iQAjsin 

The Invention relates to a process for the preparation of an metal- 
organic compound comprising at least one imine llgand aooordlng to fonmula 1- Metal-^ 
organic compounds thus produced are typicsaily used as precataiyst in the production of 

10 poiyoleflns* Imine ilgands for these preca^st can be guanidine, iminoimidazoline, 
ketimides or phosphinimine^ the manufacturing of which Is desortbed In WO 2070569, 
US 6114481 and US 6063879 respectively. 

The known production processes for phosphinlmine connprlsing 
metahorganic compounds require at least two steps: (i) the synthesis of a N-trialkylsilyl 

1 5 sui>stituted imine ligand, fbllowed by (il) contacting this llgand with an metal-organto 
precursor. However, In th© one step process for the manufacturing of the imine ligand, 
as described in 2. Naturforschung. 29b, 328(1 974) (the Staudinger reaction), azide 
chemistry Is required. In this process, the most the frequently used adde is 
diidotrimethylsllane, which is highly toxic and readily hydroiysable, releasing the highly 

20 toxic and both temperature and shock sensitive hydrazoic acid. Therefore, mixtures 
containing (partially) hydrolysed trimethylsilylazlde may explosively decompose. 

A process for an azide-free preparation of Imine Ilgands (I.e. 
phosphinlmine) Is described In Canadian patent application CA 2,261 ,51 8. However, 
this procedure encompasses two reaction starting from 

25 aminophosphoniumhalldes. Another disadvantage of the method described in CA 

2^61 .618. IS the use of harmful and costly reagmte. such as n-bu^llithlum. Rnally, in 
this procedure the Imine llgand fs substituted with trimethyisiiylcfdoride, which Is 
removed as such in a reaction of the InrUne llgand with the metal-organic precursor. 
Known production processes for guankline-, ketimfde- and iminomikJazoline comprising 

30 metal-organic compounds care descrtoed In WO 2070569 and US 61 1 4481 .They are 
carried, out at low temperature and require In some cases a solvent change. 

Disadvantage of the known less dangerous method id thus that at 
least two steps are required, when starting the process with an 
aminophosphonlumhallde. Purpose of the present invention is to provide a widely 

35 applicable method for the manufacturing of a metal-organic compound from an imine 
and a metal-organic precursor in one step. 
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This aim is achieved in that an Imine llgand according to formula 1, or 
the HA adduct thereof, wherein HA represents an acid, of which H represents its proton 
and A its conjugate base, is contacted with a metai-crganic reagent of fornnula 2 In the 
presence of at least 1, respectively 2 equi\^lents of base, wherein 

Y=N-R (formula 1) 



wherein Y is selected from a substituted carboPj nitrogen or phosphorous atom and R 
represents a protic or aprotlc substltuent, and: 

10 

(fomiula 2) 

wherein: 

M represents a group 4 or group 5 metal ion 

15 V represents the valency of the metal Ion, being 3, 4 or 5 

Li, and U represent ligands on M and may be equal or different 
X represents a group 1 7 halogen atom 
kr I. m, n = 0, 1 , 2f 3, 4 with k-ri+m+n+l =7 

With the meUiod of the invention a metal-organic compound, suitable 

20 as precatalyst in olefin polymerisation. Is prepared in one step. An additional advantage 
of the method of the Inver^on Is, that during the process hardly any by-products are 
formed, so that further purification is not necessary (or very limited with respect to stete 
of the art processes). The metal-organto compound prepared by the method of the 
Invention has a higher purity than a metaiorganic compound prepared via known 

25 productton processes and can be used as such In olefin polymerisation processes* An 
additional advantage of the process of the invention fs that the process can be carried 
out at room temperature, whereas the reaction of the N-trialkyisilyl substituted fmine 
Hgand with the metal-organic reagent has to be carried out at elevated temperatures. 

The imine derivative or its HA adduct, as represented in fomnuia 1, is 

30 substituted by an Y-and an R group. In the method of the invention, the Y group 
consists of a substituted carbon, nitrogen or phosphorous atom. If Y represents a 
substituted carbon atom, the number of substituents is 2. If Y represents a substituted 
nitrogen atom, the number of substituents is 1 and the number of substituents is lor 3 if 
Y represents a phosphorous atom, depending on ^e valenq/ of the phosphorous eiom. 
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Substftuents on carbon, nitrogen or phosphorous may be equal or different, optionally 
linked with each other, optionally having hetero atoms. Substituerrts may be protic or 
aprotlc. A protic siibstituent fs defined her© as a substituent which has at least one 
group 16 or group 16 atom containing at least one proton. 
5 Examples of protic subsltuents Include CrCso linear, branched or oyoHo hydrocarbyl 
radicals, substituted with a group 15 or 16 atom bearing at least one hydrogen atom. 
Prefen-ed protic substftuents include phenolic radicals, pyrrollc radicals, IndoBo radicals, 
and imidazolio radicals. 

The substituent is called aprotlc if the substituent tacks a group 

1 0 contelnlng a group 1 5 or group 1 6 atom bearing a proton. An unsubstituted aprotic 
hydrocarbyl radical can be a Cr-Cao linear, branched or cyclic radical, a hydrogen 
atom, a halogen atom, a Ci^alkoxy radical, a C^iodryl or aryloxy radical, an amido 
radical, or a Ci.2o hydrocarbyl radical unsubstituted or substituted by a halogen atom, a 
Ci^aalkoxy mdical, a CB-ioaryl or aryloxy radical, an amido radical, a sllyi radical of the 

15 formula: - 

— SI-R22 
R23 



20 



(formiUa4) 



or a gemianyl radical of the formula: 



-Ge-R22 

R23 



(forttiuiaS) 



wherein with j a 1 to 3 is independently selected from the group consisting of 
hydrogen, a Ci^alkyl or allcoxy radical, Ce.ioaryl or aryloxy radicals, each substituent 
25 may be linked With another to form a ring system, 

The substituent R oan be H, or bring equal as these for the substituent on Y. • 
Examples of imine ligands according to formula (1) thus Include: guanfcHnes, 
iminoimidazollnes, phosphinimines, phenollmines, pym^ieimines, Indoieimfries and 
Imidazolelmines* 

30 R may be linked with Y, thus forming a ring system, optionally 
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comprising hetero atoms« or optionally comprising funotionat groups. Examples of 
ligands comprising such ring systems Include: 8-hydroxyqulnollne, 8-amlnoqulnoline, 8- 
phosphlnoquinollne, 8-thIoqulnollne, 8-hydroxyquinaldine, B-amfnoqulnaldine, 8- 
phosphinoquinaldine, S-thioquinaldine and T-azaindoie or indazole. 
5 In the process of the Invention, HA represents an acid, of which H 

represents its proton and A its conjugate base. Examples of A are halogenides, such 
as fluoride, chloride, bromide, or iodide, .sulfate, hydrogensulfate, phosphate, 
hydrogenphosphate, dihydrogenphosphate, carbonate, hydrogencarbonate. aromatic 
or aliphatic carboxylates, cyanide, tetrafluoroborate, (substituted) tetraphenylborates, 

1 0 fluorlnated tetraarylborates, alkyt or aryl sulfonates. 

With ''at least 1 , respectively 2 equlx^ens of a base", and leOeron in 
the application *'at least 3. respeotfveiy 4 equivalents of a base'', is meant that at least 
1, respectively 3 equivalents of a base are required when the imtne ligand as such Is 
used, but that at least 2, respectively 4 equivalents are required, in case the HA adduct 

15 of the imine ligand is used. 

The metai-organic reagent used in the method of the Invention Is a 
reagent according to formula 2. In this formula Li to Ucan independently be a 
monoanlonic ligand or a group 17 halogen atom. 

Examples of monoanlonic ligands are: halides like a fluoride, chloride, bromide or 

20 iodide, (un)substituted aliphatic or aromatic hydrocarbyte, like CrCzn hydrocarbyl 
radicals, aryloxy or alkyloxy, cyclopentadlenyls, Indenyls, tetrahydroindenyfs, 
fluorenyls, tetrahydrofluorenyls, and octahydroflubrenyls, amides, phosphides, sulfides, 
ketimides, guanicfines, iminoimldazollnes, phosphfnimides, substituted Imines, like 
(hetero)aryloxylmlnes, pyrrolelmlnes. indoleimines, imldazolelmlnea or 

2& {hetero)aryloxides. 

Preferred monoanlonic tigands include: fluoride, <^loride, bromide, 
locfide, Ci-Cao hydrocaris^ radteals, cyolopentadienyi, Ci-Cso hydrocarbyl substituted 
q(clopentadienyls» halogen substituted Ci-C2o hydrocarbyl substituted 
cyclopentadlenyls, fndenyl^ Ci-Cgo hydrocarii^l substituted indenyls, halogen 

30 subsfituted C^C^ hydrocarbyl substituted indenyls, fluoren^s, Ct-C^ hydrocarbyl 
substituted fluorenyls, hafogen substituted C1-C20 hydrocari:>yl substituted fluorenyls, 
C1-C45 substituted phosphinimfdes, Ci-Qgo substituted ketimides, C1-C30 substituted 
guanidlnes, C1-C30 iminoimidazolines. 

Most preferably monoanlonic ligands are selected from fluoride. 

35 ditoride, bromide, iodide, cyclopentadienyl, CrQso hydrocarbyl (optionally containing 



V 



-5- 



014 04.08.2003 16:19:. 



15 



hstero- or group 17 halogen atoms), substituted cyciopentacfienyls. Indenyl. C-Ca, 
hydrocarbyl substituted Indenyls. and halogen substituted C-Ca, hydrocarbyl 
substituted indenyls. 

Depending on the valenoy of the metal of the m^loiganic reagent, 
5 preferably at least one Li, U, U or U represents a group 17 atom. If the valency of the 
metal V = 3. one or two ligands L may represent a group 17 atom. If V = 4. two or three 
Bgands L may represent a group 1 7 atom. If V = 5, two to four ligands L may represent 
a group 17 atom. Preferred group 1 7 atom ligands are fluoride, ohioride. bromide or 
iodide atoms. The most preferred group 17 atom ligand is chloride. 

method of the Invention an imine ilgand or the HA adduot 
thereof aoconling to fomrwla 1 , is contacted with a metai-organic reagent of formula 2 
in the presence of at least 1, respectively 2. equivalents of a base. Examples of a base 
Include, carboxylatee (for example potassium acetate), fluorides, hydroxides, cyanides, 
amides and oarbonates of U. Na, K, Rb, Cs. ammonium and the group 2 metals Mg. 
Ca. & Ba,.the aikan metal (U. Na. K. Rb, Cs) phosphates and the phosphate esters (eg. 
Cb H5 OP(0){ONa)8 and related aryl and alkyi compounds) and their aikoxldas and 
phenoxides. thallium hydroxide, alkylanrunonium hydroxides and fluorides. Some of 
these bases may be used In conjunction with a phase transfer reagent, such as for 
example tetraalkylammonium salts or crom ethers. 

Also stronger bases may be applied, Hk© oarbantons such as hydrooarbanbns of group 

1, group 2. group 12 Of group 13 elements. Also the metallic alkafimetals of group 1 
may be applied as a base. 

Preferred bases include amines, organolithium compounds, or 
organomagneslum compounds, alkali metals, group 1 hydrides or group 2 hydrides 

25 More prefened bases are mono., dl-. or trKalkylamlnes or aromatic amines, 
organolithium compounds, organomagnesium compound, sodium hydride or 
caldumhydrWe. Under aromatib amines Is understood in this appHcation compounds 
having a nitrogen atom in an aromatic ring system or mono-, di-. or triarylamines. 
Even more preferred bases are triethylamlne, pyridine, tripropylamlne, tribulylamlne, 

80 1 .4^a2a-blcydo[2.2.2lociane. pynolkfine or piperid^ organolithtum compounds, or 
organomagneslum compounds. Examples of organomagnesium compounds are: 
methylmagnesiumhalides. phenylmagnesiumhalWes. benzylmagnesiumhaRdes, 
biphenylmagneslumhalides, naphtylmagnesiumhalides, tolylmagnesiumhaiides. 
xylylmagnesiumhalldes.mosftylmagnesiumhalides, 

35 dimethylresoroinolmagneskimhalldes. N,N-d}methylaniHnemagnesIumhalfdes, 



20 
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dimethylmagnesjum, diphenylmagneslum, dibenzylmagnesium, 
b{s(blphenyl)niagnesium, dmaphtylmagnesium, ditolylmagnesium, dixylylmagnesium, 
dimesityimagnesium, bis(drmethyiresorolnol)mdgnesium, bi3(N|N*- 
d]methy!aniline)magnesiuni. 

5 Examples of organolithium compounds are: methyllithium, phenyllithium, benzylllthlum, 
blphenyllithlum, naphtyllithlum. dimethylresorcinoHithium, N,N-dimethylanirmelithium. 

In order to make a polyoleHn by a borane or borate aotivatable metal- 
organic compound, the hallde groups of the metal-organic compound from the process 
of the invention have to be alkylated or arylated. This can be done for ^annpie with an 

10 organolithium compound or an organo magnesium compound. Surprisingly It has been 
found that such fidkylated or arylated metaN>rganic compound can also be prepared In 
one step by the process of the rnventton by carrying out the process in the presence of 
at least 3, respeodvety 4 equivalents of an organomagneslum compound or an 
organolithium compc^nd as a base. 

1 5 The reacHon Is preferably carried out In a solvent Suitable solvents 

are solvents that do not react with flie metal-organic reagent or the metal-organic 
compound formed in the process of the invention. Examples of suitable solvents 
include aromatic and aliphatic hydrocarbons^ halogenated hydrocarbons, amides of the 
aliphatic carboxyiic acids and prlmalry, secondary, or tertiary amines, DMSO, 

20 nltromethane, acetone, acetonitrlle, benzonitrlle, ethers, polyethers, cyclic ethers, lower 
aromatic and aliphatic ethers, esters, pyridine, alkylpyrldines, cyclic and primary, or 
secondary amines, and mixtures thereof. Preferred solvents Include aromatic or 
aliphatic hydrocarbons or ml^dures thereof. 

in a preferred embodiment of the method of the invention, R 

26 represents a hydrogen atom and Y is selected from tiio group consisting of: 

i) a phosphorus substituent according to th& formula: 

R"*^ (formulas) 

30 

wherein each R^', wKh j a 1-3 is independently selected from the group consisting of a 
hydrogen atom, a halogen atonfi, a Ci^alicoxy mdical, a Ce-ioaryi or aryloxy radical, an 



uan iniri i t-^.iunu rra-irciKiT 



+31 46 4760011 P. 16/^9 
016 04.08.2003 16:20:3( 



amido radicaf, or a hydrocartvi radical unaubatttuted or substituted by a halogen 
atom, a Ci^alkoxy radical, a Cs.ioaryI or ayyioxy radical, an amido mdloal, a silyl 
radical of the formula: 



5 



R21 

R23 



(formula 4) 



or a geimanyi radical of the formula: 



10 
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R21 

~Qe-R22 
R23 



(formula 5) 



wliereln , with j=1-3. is independently selected from the group consisting of 
hydrogen, a Ci.8 all<yl or alkoxy radical, Ce-ioaryl or aryioxy radicals, 
each eubstituent R" or may be linked wHh another R^^ or R'* respectively to fomi a 
ring system, 

ii) a eubstituent according to fomnula 6: 



Sub^ 
/ 
C 
\ 

Sub^ 



(formula 6) 



wherein each of Sub* and Sub* is independently selected from the group consisting of 
hydrocatbyi racRcala having from 1 to ^ carbon etoms; silyl mdicats. (substituted) 
amido radtoals and (substituted) phosphido radicals, and wherein Sub^ and Sub* may 
be linked with each other to fbrni a ring system. 
25 Preferably Sub* and Sub* are each independently selected from the group of CI -C20 
hydrocarbyl radioais. or substituted amido radicals opttonally linked by a bridging 
moiety. 
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The process of the invention can be oarried out» by adding at least 1 , 
respectively at least 2 equivalents of a base to a mixture of the irnine ligand or its HA 
adduQt and the metal-organio reagent thus fomnlng a reaction mixture* The desired 
metal-organic compound is often fonmed instantaneously. Excess of a base may be 

5 applied without negative effects on the reaction product. If the reaction is exothenmic, 
the reaction mixture may be cooled to a suitable temperature to control the reaction. If 
the reaction is slow, the reaction mixture may be heated in order to increase the 
reaction rate. During the reaction, a salt is formed. The reaction mixture as obtained by 
contacting an Imine or Its HA adduct may be used as preoatalyst fn a polyolefin 

10 polymensation without an additional filtration step ff the salt formed during the reaction 
!s compatible with the polymerisation process. If a salt free metal-organic compound is 
required, the salt can be removed by using a filtration. Depending on the solubility of 
the metal-organic compound, the mixture may be heated and then filtered. An 
advantage of the present Invention is that the filtrate may be used as such without 

1 5 further purification in a following process, such as an alkyiatfon or arylation step or the 
polymerisation process. If desired, the metal-organic compound may be isolated by 
distillation of the solvent, by precipitation or by crystallisation from a suitable solvent 

The invention further relates to a process for the preparation of a 
poiyolefin as described In claim 10. Such an olefin pclymerisation can be carried out in 

20 solution, slurry or in the gas phase. 

In a prefenred embodiment of the olefin polymerisation the (alkylated) 
metal-organic compound is formed in situ. By in situ preparation is meant in this 
context, that the metal-organic compound Is made and subsequently activated in or 
anywhere before the reactor of the polymerisation equipment by contacting an imine or 

26 Its HA adduct With an metal-organic reagent in the presence of an olefin polymerisation 
compatible tDase. Examples of bases compatible with the olefin polymerisation process 
include a:mlnes, organomagnesfum compound, organollthlum reagents, organozinc 
reagents, organoalumlnum reagents* More preferred bases are: somatic amines, 
organomagnesium compound^ organolrthium reagents, organozinc reagents, 

30 organoalumlnum reagents. Most pref^red bases are N,N-dim&thylaniline, 

dlphenyimethylamlne, triphfenyiamrne, dibutylmagneslum, n-butyllfthium, Ci-Cgo 
dlhydrocari^ylzino derivatives, diisobutylaluminium hydride, Cy-C^ trihydrocarbyl 
aluminiums, or aluminoxanes. In the case where aluminoxanes are applied as a t)a8e, 
the base can be the activator. 

35 In the olefin polymerisation according to the invention, R preferably represents a 
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hydrogen atom and Y is praferabiy selected from the group consisting of: 
9 a phosphorus substituent aooording to formula 3 of claim 2 or,: 
B) a substituent aocordir^ to formula 6 of dsum 2. 

Advantages of the process of the Invention are: higher yields, higher reaction rates and 
6 smaller amounts of byproducts. The (alkylated) metal-organio compounds as obtained 
by the Invented process can be used without furHier purification in the oleftn 
polymerisation resulting in more aotive catalysts. 

The invention will be eluc^ted with some non-limiting exan^les: 

10 

General part 

Experiments were perfomned under a dry and oxygen-free nitrogen 
atmosphere using Schlenk-line techniques. 'H-NMR, ^^C-NMR-spectra and ^'P-NMR- 
speotra were measured on a Bruker Avance 300 spectrometer. Diethyl ether and llgroln 
IS were distified from sodium/poiassium aRoy; THF and toluene from potassium and 
sodium, respectively, all twimng benzophenone as incKcator. 
T^thylamine was distilled from caloiumhidoide before use. 
Other starting materials were usedas obtained. 

20 Comparative experii^errt A 

Synthesis of iM-<rimethyl.«^l lvltri-feit-butvlDhoshin!mtna 

To neat tri-fe/Hsutylphosphane (4.38 g, 21 .7 mmol) wae added 

azidotrlmethylsilane (1. 00 mL, 0.87 g. 7.56 mmol). The mixture was heated to the 

temperature where the fonnation of nitrogen started (approximately 1 1 0*C). A white 
25 precipitate started to fomi. The remaining amount of azide (1 .62 g. 1 4.1 mmol) was 

added portionwise in order to control the reaction. The product was distilled resulting in 

4.20 g (66%) Of N-trimethylsilyitri-fert-bulylphoshinimine. 

PreparaUon of fGnmNPft-BiiUnf^ .n^lnn CoTini, and M- trimethvteilvl-tri-tert- 
30 butvlphoshlnlmlne 

To a solution of cyclopentadienyltitanlum trichtoride, CpTiCIs (0.430g, 
1.08 mmol) In toluene (25 mL) was added soTid IM-trim0lhylsilyltri-ferM>utylphoshlnimlnB 
(0.566g, 1.S6 mmol). The solution was healed to 60**Cfor 30 minutes and subsequently 
stirred overnight. The voiatiles were removed In vacuo and the product was washed 
35 three times with llgroln. Drying of the yellow solid resutted in 0.83 g (81%). Overall yield 
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with respect to the phosphtne: 6S*i&. 

gxamolft L Qne^atep preparation of (Cp )TI(NP(t>Bu^.^Ck from Tri-tert-butvl 
Aminophosphon ium Chloride ft->Bu^PClNHol and CoTiCl. using trIethvtaminQ gs 

5 a. Synthesis oft-BusPCINH^at atmospheric pressure 

To a solution of tert-butylphosphane (4.06 g, 20.1 mmol) in ether (60 mL) was 
added hexachloroethane (4.78 g, 20.1 mmol). The mixture became 
heterogeneous. Acetonrtrlfe (20 mL) was added to obtain a homogeneous solution. 
^^P-NMR showed the oxidation to be complete. Ammonia gas was bubbled 

1 0 through at atmospheric pressure for 20 minutes. After 1 6 hours, the conversion 

appeared to be 71 % according to ^P-NMR. NH3 was bubbled through again for 1 0 
minutes. The reaction was complete after stirring for 3 days at room temperature 
and atmospheric pressure. The solvents were removed In vacuo resulting In 4,98 g 
(98%) of a wWte powder being oharaoterized by ^H-NMR and **P-NIWIR as 

1 5 tris(fe/Obutylaminophosphoniumchloride. 

b. One^ep preparBtion of (Cp)Ti(NP(t^u)3)Ck firom Tri4ert-butyl 

Aminophosphonium Chloride (tSuaPaNH^ and CpTiaa using tri&hylamlne as 
base. 

To a solution of commercially available CpTiCb (0.55 g, 2,5 mmol) In toluene (20 
20 mL) was added ttie aminophosphonlumchloride prepared under a (0.63 g, 2.5 

mmol). To the almost clear solution was added an excess of triethylamino (2.5 mL. 
18 mmol). The reaction mixture became more heterogeneous and the colour 
changed to orange. After stirring the reaction mixture overnight, the formed 
triethylammoniumchloride was filtered. The solvents from the filtrate were removed 
2S In vacuo. NMR analysis (^H, and ^^C) showed (Cp)TI(NP(t-Bu)0)Cla with no 
detectable amounts of by-product. 

Example 11. Qne-steo preparation of (Cp>>CfiFpm(NP<t->Bu)^lCfe. from Tri-feft-butyt 
Amlnophofl phonlum Chl o ride ft-BupPaNHo^ and CpfCAF.ma.> using triethylamine as 
30 base 

To a solution of CeFsCpTICIs (1 ,00 g, 2.59 mmd) (obtained by the 
method described in J. Organom^. Chem., 2000, 107 by Rausch et. €d.) In toluene (60 
mL) was added f-Bu3PCINH2 (0.68 g, 2^9 mmol). To the orange mixture was added 
triethylamine (1 .0 mL, 7.2 mmol). A precipitate was formed Immediately and NMR 
35 monitoring of the reaction mixture showed complete conversion to the desired 
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products, with no detect^le amounts of by-product The mixture was stirred for 3 days. 
The reaction mixture was filtered and the solvent and excess triethylamine were 
removed in vacuo resulting inl .22 g (83%) (Cp-CeF8)Ti(NP(t-Bu)3)Cl2..^P- and ^H- 
mn showed (Cp-C6F6)Tj(NP<t-Bu)3)Ci2 with no detet^le amounts of by-product 

5 

ExamPie ill. One-step prepaiaBon of fCrvCf f , )TtfMPft.BiA,)V| i »^ from Tri-tert-butyt 
Aminophosphonium Chloride ftBii^ciMH ^) and CD(C nPn)T j^ |j 
methvImaanaBlumhf omlde as base 

To an orange mixture of CeFgCpTiaa (1 .00 g. 2.69 mmol) and t- 

1 0 BU3PCINH2 (0.68 g, 2.59 mmol) In toluene (60 mL) and THF (20mL) was added a 

MeMgBr solution in ether (3.0IW1. 4.0 mL, 12 mmol) at-20«C. The reaction mixtum was 
stirred for 46 minutes and subsequently dried In vacuo. The residue was extracted with 
boiling llgroin (20 and 40 mL respectively). Tiie solvents were removed in vacuo 
resulting in 1.33 g (98%) of (Cp-CeF6)Ti(NP(t-Bu)3)IWe2 with no d^ctable amounts of 

15 by^i»oduct 

Example IV, One-step preparation of CpTj fNPrn-BiiH q| o from Tri-n-hiiivt 
AtDlnPRhPSPhonium Bromide /n-BuoPBrNH«1 Hnd CpTiCIf, usinn trlethvlamine as h^ J» 

a. Synaiesis(an'BugPBrNHg ; 
Tri-n-butylphosphane (20:2 g, 0.10 moi) was dissolved In acetonltrile (200mL). The 
solution was cooled to 0°C and bromine (I6.2 g, o.io mol) was added in 10 
minutes. An exothermic effect was (^served. After 1 0 minutes, the ooo^g bath 
was removed. The bright yellow mixture was stined for 2 hours aftw teaching 
room temperature. The mixture was again cooled to 0*C and ammonia was 
Inboduced. An exothemiai reaction occurred. The tenqj^ture Increase was 
controlied by the addition rate of the ammonia. The yellow sluny turns white after 
15 minutes and ammonia was btrtJbled through for an additional 10 minutes. The 
acetonltrile was removed In vacuo and the residue was extracted with 
dichloromethane (2x1 50ml), The solution was decanted from the solids and the 
solvent was subsequently removed in vacuo resulting in a white solid. Yield: 28.2 g 
(95%) ri-BuaPBrNHa. 

b. One-Step preparsMon ofCpTi(NP(n'Bu)M from TrI-n-butyl Aminophosphonium 
Bromide (n-BusPBrNHg) and CpTiOg using Methylamlne as ttase 
CpTICIa (2.21g, 10.1 mnrK)i8) and w-BuaPNHaBr (3.05g 10.2 mmols), were 
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dissolved in toluene (80mL). At room temperature trieth^amlne (4mU 29 mmol) 
was added dropwise over a period of 10 minutes. The reaotlon mbcture 
immediately became heterogeneous and the ooiour changed from ot^ge to bright 
yellow. The mixture was stirred for 1 hour at room temperature (according to 

5 NMR the reaction was converted completely to the desired product). The 

ammonlumsait was filtered off and washed once with 26 mL of toluene. The 
solvent was subsequently removed In vacuo leaving a viscous residue (product 
contaminated with small amounts of solvent). In order to obtain a solid product, the 
resulting residue was dissolved in 80 ml of hexanes and 26 mL of 

10 dichloromethane. Removing the solvent in vacuo yielded 3.4g of the product as a 
yellow solid (85%) being CpTI(NP(n-Bu)3)Cl2. 



Example V. Svnthesis of trisfN.N-dlmethvlamido)phosDho raneimido cvclopentadienvl 
titanlum(tV) dichloride 

15 To a cold solution (-60^C) of cyclopentadienyltitanium trichloride 

(0.50g, 2,28 mmol) in toluene (30 mL) was added N,N.N^NM^rM^r,N'".N"'- 
hexamethylpliosphorlmidic triamide (0.41 g, 2.3 mmol). The mixture was allowed to 
warm to room temperature. Then, trie^ylamine (1 .0 mU 7.2 mmol) was added. A 
precipitate formed direcUy after the addition of the triethyiamine* ^^P-NMR reaction 

20 monitoring showed that the desired product was formed vwthout any detectable amount 
of by-producA. The reaoBon mixture was filtered in order to remove the 
triethylammonlum chloride. The solvents were removed in vacuo and tiie residue was 
crystallised from toluene to give 0.73 g (yield: 89%) of a yellow crystailine product, 
which was characterized by ^H- and ^V-NMR to be trls(N,N- 

25 dimethylamido)phosphorsmeimido cyolopentadlenyt titanium(IV) dichloride. 



Example VI, Svntfiests of 1 .3-blsf2,6-dimethylphenvh-iminolm{dazQlina 
cyctopentadienvi tltaniumdlcl^lorlde 

To a suspension of 1,3-bis(2,6*dimethyIphenyiViminoimida2oline 

30 (1 .50 g, 5.0 mmol) (prepared according to the procedure by L.Toldy et aU US Patent 
4,2EM,642); and cyciopentadienyHltanium trichloride (1.10 g, 6 rnmol) in toluene (80 
mL) was added triethytamlne (1 .0 ml., 7^ mmol) at ambient temperature. After stirring 
for 1 hour, the suspension was heated to reflux, then filtered hot Cooling to ambient 
temperature gave orange crystals, which were filtered, washed with cold toluene and 

35 dried (1 .39 g, 67% yield). Parb'al evaporation of the mother liquor and cooling to -20 ''C 



5 



10 



16 



20 



25 



30 



iXm INTELLbCIURL PROPERTY 



+31 4S 4'i«0011 P.22/'29 
022 04.08.2003 16:22:3. 



13- 



afforded another 0.90 g (38%). Total yield of 1.3*bi8(2,6-dlmethyIphenyJ)' 
iminoimidazoKne cydoperrtadlenyl tttanfum dichioride was 95%. 

Example VII. Synthesis of 1.34)isf2.&dlmgth»» p henvlViitiinoimFdap rf ^llnA 
cvckmenlaril envi titanium dimethy) 

To a suspenslcMi of 1,3-bl8(2.6-(fimsthylphenyi)-iminolmidazoline 

(5,86 g, 20.0 mmol) and (qwslopentadlenyltltanlum trichtorlde (4.39 g, 20.0 mmoQ In 

toluene (200 mL) was added triethylamlne (2.53 g. 25 mmol) at ambient temperature. 

After stirring for 1 hour at ambient temperature, the thick yellow-orange suspension 

was heated to reflux and filtered hot The yellow residue was extracted with boiling 

toluene portions of 10 mL 4 times (leaving a grey-white residue). The combined orange 

filtrates (separating yellow-orange crystals upon cooling) were cooled to 0'*C. Methyl 

magnesium bromide (14 mL of a 3.0 IVI solution in diethyl ether, 44 mmol) was added in 

10 minutes. The orange suspension turned yeflow gradually. The mixture was stirred 

overnight, then evaporated to drynera. The residue was extracted with boiling ligrofn 

(200 mL) and the resulting suspmslon was filtered hot Cooling to approx. -20°C 

affbrded yellow oystate, which were filtered and washed with cold ligroln to give 2.8 g 

(32% yield) of NMR pure product From the partially evaporated rnolher Bquor and ^ 

ngroln extract, a 2"* fraction of pure product was obtained (1 .0 g, 1 1%). Total yield of 

1.3-bis(2,6-dlmethylphenyl)-lmlnolmldazollne cydopentadlenyl tnanlum dimethyl was 
43%. 



Example VIII. Synthesis of 1 .a-bisfg fi-^fffi ^hvlPhenymmlrtolmidazollnB 
OVQiOPentadienvl titanium dimethyl usi ng methvlmaanesium bromide aa base. 

To a suspension of 1,3-bl8(2,6-dimethylphenyl)-lminolmldazoline 
(2.93 g, 10.0 mmol) and (^dt^ntadlenyltitanium trichloride (2.19 g, 10.0 mmol) in 
toluene (100 mL) was added meUiylmagne^umbromide (1 1 mL of a 3,0 M solution in 
diethyl ether, 33 mmol) at -80*C during 10 minutes. The mixture was allowed to warm 
io ambient temperature to give a yellow suspension. THF (30 mL) was added, and the 
ndxture stirred for IS hours. The Ight yellow suspension was evaporated to 
dryness. The re^due vras extracted wfth boiUng llgrofai (100 mL). The resulto'ng 
suspension was filtered hot The cake was extracted further with hot llgroin (Three 
times with 60 mL until the f ittrate became cotourless). The combined yellow filtrates 
were partially evaporated under reduced pressure to 50 mL. Cocking to approx. 4®C 
afforded yellow crystals, which were filtered and washed with cold Hgroin to give 2,05 g 
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(47% yield) of NMR pure i,&*l8(2,8-cllmethylphenylHnrinoimldazollne 
cyclqpen^lenyl titanium dimsthyl. 

Pvflm pte IX. Synthesis of 1.3-blsf2.6-d iiBODroDvlDherwn4mInolmidazQline 
5 oyolopentadlanyl titanium dlchlorlde 

a. SytUhe^ 0/ 1,3-bis(2.6'dHSopropylphenyl)'imlnolmldazoIlnB 

To a mixture of 2,6-dusopropylanlllne (260 g. 1 .47 mol) in etiianol (1200 mL) was 
slowly added glyoxal (1 08,5 g of a 40 w-% in water solution, 0.7S mol). The 
solution turned intensely red, then intensely yellow. The mixture was heated to 
1 0 reflux overnight Cooling to 4 degrees resulted in cryst^llsation of yellow material, 
which was filtered and washed with cold ethanol until filtrate became bright yellow 
(instead of brown). The bright yellow powder wa« dried (202.6 g, 72%). This 
dilmlne (100 g, 0.27 mol) was dissolved In ethanol (1000 mL). The mixture was 
cooled to 0**C. Sodium borohydrlde (102.1 g, 2.7 mol) was added In portions during 
IS 1 hour. The mixttj^e was allowed to warm to room temperature, then stin^^J 1 hour. 
The mixture was heated to reflux gentiy (gas evolutioni) and heated to reflux for 1 
hour. After coding, the mixture was admixed with water (2L), and the suspension 
filtered. The yellow precipitate was dried (1 00.1 g, 98%). 
57 g (0.15 mol) of the diamine was dissolved in toluene (250 mL) and heated to 
20 reflux. A solution of cyanogen bromide (1 9.1 g, 0.1 8 mol) in toluene (1 00 mL) was 
added during the course of -1 hour, resulting In fomiatlon of a grey precipitate in 
an orange-red solution. After stirring at reflux for 1 hour, tiie mixture was cooled. 
The precipitate was filtered, washed witii toluene and llgroin (to give 47.1 g yellow 
light powder). This powder was dissolved in water/ethanol 400/500 mL, and 10.0 M 
25 NaOH in water was added until strongly basic (pH>1 0), The precipitate was fBtered 
and washed with water, ttien dried to give 37.3 g (61 .4% yield) of near pure 
product The Iminolmidazollne can be crystsdiized to give pure material as 
colourless orystals from \xMt\Q ligroin (270 mL) and f iitering hot to remove some 
insoluble material (recovery S7%). 
30 b. Synthesis of 1,S4ila(2,6-(aaopmpy^9n^)-imlnoMaa3«>ttn& cyctopentadtenyl 

titanium dichlcuiOe 

To a suspension of l,3-bls(2,6-dilsopropyIphenylKwniriolmldazollnB (1.02 g, 2.5 
mmol) and cyolopentedienyltitanium trioMoride (0.65 g, 2.5 mmol) in toluene (20 
mL) was added trietiiylamlne (0.4 mL, 4.0 mmol) at ambient temperature. After 
35 stirring for 2 houra, the tiildt yellow-orange suspension was filtered, and tiie filtrate 
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©vaporated to dryness to afford 1 .31 g (89% yield) of NMR-pure 1 ,3-bfe(2,e- 

dllsopropylphenyO-Imlnolmhlazollne oyolopentadienyltftanium dichloride. 
a Synthesis of 1,3-bl3(2,6-dlf8opmpylphenyQ'ImbMlmkkax^ eyclopentadlanyl 

titanium didhloride (reversed addition) 
B The same result as under b. was obtained when c^ciopentadlenyititanlum 

trichloride and triethylamhie were admixed In toluene, and then figand added, 
d. Synthesis of l,3-bts(2,e<aiaopmpylphenyl)-^m}noimidazQUtie oyotopentaOenyl 

^nlum effdiloiiclB 

To a suspension of 1,3-bis(2,6-diisopropylphenyl)-imlnoimidazollne 
10 (2.03 g, 6.0 mmol) and cycfopentadlenyltitanlum trichloride (1 .10 g, 5.0 mmol) in 

toluene (30 mL) was added tiethylamine (0.8 mL, 6,7 mmol) at ambient temperature. 

After sUriring for 1 hour, the «iick yelloworange suspension was diluted wrtth toluene 

(60 mL) and ligroin (120 mL). The suspension was heated to reflux and filtered hot. 

Coonng to approx. 4»C afforded yellow crystals, which were filtered and washed with 
IS cold ligroin to give 1 .34 g (46% yield) of NMR pure 1 ,^bis(2,6-diiaopropylpher>yl)- 

imlnolmidazoline cydc^ntadlenyl titanium dichloride. 

g?»mple X. Synthesia of 1.3-blafg.e^ennrrtmrtPhim«IViin.n o imlda2oBna 
ovolODantadi envl titanium dfrng^^ i 

20 To a suspension of 1 ,3-bis{2.6-dilsopropyiphenyl)-imInolmidazollna 

(2.06 g. 5.0 mmol) and cyclopentadienyltitanlum trichloride (1.10 g, 5.0 mmoQ In 
toluene (40 mL) was added triethylamlne (0.8 mL. 5.7 mmoO at ambient temperature. 
After sHnlng for 2 hours, the thiolc yellow-orange suspension was filtered, and the 
residue washed with toluene. The clear and orange filtrate was partially evaporated 

26 (-10 mL sohfent removed). After cooling to -78 °C (dry ice/acetone), methyl 

magnesium bromide solution (3.3 mLof a 3M solufion in diethyl ether. 10.0 mmol) was 
added. The temperature of the mixture was allowed to rise to ambient temperature and 
the mixture was sUn-ed overnight The yellow suspension was evaporated to dryness. 
The residue was extracted with boiling Rgroin (80 mg and the resulting suspension 

30 was filtered hot Evaporation to -^0 mL and cooling to approx. 4?C afforded yellow 
crystals, which were filtered and washed with cold ligroin to give 1 .38 g (51 % yield) of 
nm pure product. From the partially evaporated mother liquor, a 2"' fraction of pure 
1 ,3-bls(2,6-dll8opropylphenyl)-iminoimidazoline oyelopentadienyl titanium dimethyl was 
obtained (0.58 g. 19%). Total yield of 1,3-bls(2.6<liisopropyfphenyl)^minolmida20llne 

36 oyelopentadienyl titanium dimethyl: 70%. 
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1 . A process for the preparation of a metal-organic compound, comprising at 
learn one (mine ligand. diaracterized in that an Imlne figand according to 
6 formula 1 or the HA adduct thereof, wherein HA represents an acid, of which 

H represents its proton and A its conjugate base, is contacted with a metal- 
organic reagent of formula 2 In the presence of at least 1 , respectively at least 
Z equivalents of a base, with 

1 0 Y=N*R as formula 1 . 

wherein Y Is selected from a substituted carbon, nitrogen, or phosphorous 
atom and R represents a substltuent, and with 

15 as formula 2, 

wherein: 

M represents a group 4 or group 5 metal ion 

V represents the valency of the metal ion, being 3, 4 or 5 
20 Li, L2, 1-3, and I-4 represent a ligand or a group 1 7 halogen atom on M and may 

be equal or differant, X represents a gft>up 17 halogen atom, 

k, I, m, n ^ 0» 1 , 2, 3, 4 with k-i-l+m+n+laV, 
2. A process according to daim 1 wherein R represents a hydrogen atom and 

wherein Y is selected from the group consisting of: 
25 i) a phosphorus substltuent defined by the fonmuia: 

(formulas) 

wher^ each R^^ with J 1-3 is Independently selected from the group 
30 consisting of a t^rogen atom, a halogen atom, a Ci^ alkoxy radical, a Ce-io 

a»^ or arytoxy radical, an amido radical, or a hydrocarbyl radical 
unsulMtituted or substituted by a tialogen atom, a Ci^ alkoxy radical, a Ce.io 
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aryl or aryloxy radical, an amido radical, a siiyi radical of the formula: 



— Si-R22 
6 or a germanyl radical of the fcMmula: 

~Ge-R22 

r23 



(formula 4) 



(formula 5) 



wherein R^is Independently selected from the group consisting of hydrogen, a 
10 Ci.8alkyl or alkoxy radical, Cfrioaryl or aryloxy radicals, 

each substituent R^' or R« may be linked with another or to form a ring 
system, 

ii) a substituent defined t>y fonmula 6: 

Sub' 
/ 
C 
\ 

^® (fomiulae) 

wherein each of Sub' and Sub* is independently selected from the group 
consisting of hydrocarbyl radteals havring fiom 1 to 30 carbon atoms; sllyl 
radicals, (substituted) amido radicals and (substituted) phosphldo radicals. 

20 aiTd wherein Sub* and Sub* may be linked with each other to forni a ring ' 

system 

3. A process according to daim 1 or 2 wherein the base is an amine, a group 1 , 
2, 1 2, 13 hydrocarbanlon or a metal or metalloki hydride. • 

4. A process according to claim 3 wherein the base Is an amine, a group 1 
25 hydride or a group 2 hydride, an organomagneslum- or an otganollthium 

compound- 

5. A process according to claim 4 wherein the base is a dialkyiamlne. a 
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trii^kylamine, a diarylamlne or a triarylamine, an organomagnesium- or an 
onganoRthlum compound. 

6. A process aocording to daim S wherein the base is triethylamlne» pyridine, 
tripropyiamine, tributylamine, 1,4-diaza-bicyclo[2.2.gootane, pyn^olfdlne or 

5 piperidlne, an organomagnesium- or an organolithium compound. 

7. A process according to claim 1 -6, carried out in the presence of at least 3 
respectively 4 equivalents of an organolithium* or an organomagnesium 
compound. 

8. A process according to cisum 1 -6 wherein the reaction is carried out in an 
10 aprotto solvent 

9. A process according to claim 8, wherein the solvent is the base. 

1 0. Process for the preparation of a polyolef in in the presence of an activator, 
characterized In that the process is carried out In the presence of a metal- 
organic compound comprising at least one imine llgand according to formula 1 

15 of daim 1 , obtained by a process wherein an f mine, or the HA adduct thereof. 

wherein HA represents an acid, of which H represents Its proton and A its 
conjugate base* is contacted with a mei^l-organlc reagent of fomiula 2 of 
claim 1 in the presence of at least 1 equivalent, respectively at least 2 
equivalents of a baee» 

20 11. A process according to claim 1 0 wherein R represents a hydrogen atom and 
wherein Y Is selected from the group consisting of: 

a phosphorus substituent according to formula 3 or a substituent according to 
formula 6, 

12. A process according to claim 1 0 or 1 1 , carried out in the presence of at least 
26 3, respectively at least 4 equivalents of an organomagnesium- or an 

orgariollthium compound* as the base. 
. 1 3. Process according to any of claims 1 0-1 2, wherein the metal-organic 
compound Is formed in situ. . 
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ABSTRACT 

The inversion related to a procero for the preparatfon of a metal-* 
organic compound, comprfsing at least one Imtne ligand, oharaoterized In that an Imlne 
5 ligand according to formula 1 or the HA adduol thereof, wherein HA represents an acf d, 
of whtoh H represents its proton and A its conjugate base, is contacted with a metal- 
organic reagent of formula 2 in the presence cf at least 1, respeotiveiy at least 2 
equivalents of a base» with 

10 Y=N-R as formula 1, 



wherein Y Is selected from a sut>stituted carbon^ r^itrogen, or phosphorous atom and R 
represents a si^stllu^t, and with 



15 M^(Li)k(L2)l(L3)m(U)nX as formula 2, 

wherein: 

M represents a group 4 or groif) 5 metal ion 

V represents the valency of the metal Ion, being 3, 4 or 5 
20 Li , L2, U. and L4 represent a ligand or a group 1 7 halogen atcwn on M and may be 

equal or different X represents a group 17 halogen atom, 

k, t, m, n 0, 1 ^ 2, 3. 4 with k+l+m+n+1 =V, 

The invention further relates to a process for the preparation of a 

polyolefin in the presence of the compound prepared according to the process of the 
25 Invention. 
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